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Introduction
ne of the crucial aims of a medicolegal investigation is to establish the identity of a deceased, especially in cases where skeletal remains and dismembered or mutilated body parts are recovered and brought for examination. When confronted with one of the previously mentioned cases, often the first question the forensic anthropologist faces is who is the decedent? To determine the answer, it is vital to estimate the "big four": age, sex, stature and race in order to establish the biological profile of the remains (Calcagno JM, 1981) .
Sex is the first demographic factor that is determined because it reduces the number of possible matches by 50% (Cardoso and Saunders, 2008) .
Various parts of a skeleton are useful in sex determination. Human skull is considered as one of the most reliable bones for sex differentiation (Kanchan et al., 2013) .
During severe disruptive injuries, estimation of sex becomes challenging when only a part of skull is brought for examination and hence, a need to derive standards for sex estimation from different regions of the skull. The basal region of the occipital bone is more likely to survive physical insults than the other parts of the skull owing to the abundant soft tissue cover, skull thickness in the region, and its relatively well-protected anatomical position. Thus, there is an increased possibility of recovering this part of skull even in cases O of severe trauma, and studies on the occipital bone may provide useful clues in identification of significantly disrupted remains (Gapert et al., 2009) .
Medical imaging modalities, like CT, provide unique data sources for examining modern human variation in a more quantitative manner when extending osteological resources to researchers beyond actual contact (Weber et al., 1998) .
Using the newest technology of Multi Slice CT (MSCT) makes it possible to form images that are very similar to the original bone shape that needs to be measured, in any axis and in a rapid manner (Verhoff et al., 2008) .
The foramen magnum is an important landmark of the skull base and is of particular interest for anthropology and forensic medicine. The sex discriminant value of the foramen magnum has always attracted the attention of researchers who stressed its value in sex discrimination. The ability to construct a biological profile from metric analysis on virtual skeletons and the ability to develop formulas from these measurements will help to solve many medicolegal problems. The present study aimed at establishing the accuracy and the reliability of the foramen magnum and some cranial measurements in sex determination using three dimensional computed tomography (3D CT).
Subjects and Methods
The present study was performed on 100 adult Egyptian patients of both sexes from Lower Egypt. All patients were chosen randomly when referred to the RadioDiagnosis Department of Alexandria Main University Hospital for radiological investigations by Multi-Slice Computerized Tomography (MSCT) of the skull. Prior permission was sought from Head of Radiology Department and an informed consent was obtained from all patients before participation in the present study. Patients with skeletal deformities, degenerative alterations, traumatic or pathological lesions of head that could preclude accurate measurements were excluded.
For each case, the MSCT scan was obtained and reconstruction of high quality 3D models for the cranium was performed. Various parameters related to the foramen magnum and both the right and the left condyles were measured on virtual skulls of the adult patients.
The metric parameters (in mm) were as follows: The maximum internal length of the foramen magnum along the mid sagittal plane.
 Width of the foramen magnum (WFM): The maximum internal width of the foramen magnum perpendicular to the mid-sagittal plane.  Foramen magnum index (FMI) (Sangvichien et al., 2007) : It was calculated by dividing the length of the foramen magnum by the width of the foramen magnum.  Foramen magnum area (FMA) (Gunay et al., 1997) : It was calculated using the Radinsky`s formula: FMA (in mm2) = 0.25×L×W×22/7L= length of the foramen magnum. W=width of the foramen magnum.  Maximum bicondylar distance (MBD): The maximum distance between the lateral edges of the articular surfaces of the condyles. It is also known as the bicondylar breadth.  Maximum medial intercondylar distance (MID):
The maximum distance between the medial articular margins of the condyles. It is also known as the intercondyler breadth.  Minimum intercondylar distance (MnID): The minimum distance between the medial edges of the articular surfaces of the condyles. The data collected were fed to the computer and analyzed using IBM SPSS software package version 20.0. Quantitative data were described using mean and standard deviation, median, minimum and maximum. The distribution of quantitative variables was tested for normality using Kolmogorov-Smirnov test, Shapiro-Wilk test and D'Agstino test. Histogram and QQ plot were also used for vision test (Leslie and Geoffrey, 1991; Kirkpatrick and Feeney, 2013) . Table ( 2). The table reveals that the mean length of the foramen magnum was significantly longer in males (35.3 ± 1.9 mm) than in females (32.8 ± 2.5mm) where p=<0.001. The mean width of the foramen magnum was also significantly larger in males (30.0 ± 1.9 mm) than in females (27.1 ± 2.4 mm) where p≤0.001.
B-Measurements
Although the length and the width of the foramen magnum in males were significantly longer than females, yet there was no significant difference between males and females concerning this length-breadth index or FMI where P=0.080. (Table 3 ) Table ( 2 ) where P≤0.001. Table ( 5) depicts that the mean length of the maximum bicondylar distance in males was 48.8 ± 2.3mm while in females it was 46.1 ± 2.2mm.There was a significant difference between both sexes regarding MBD where p≤0.001.
It also elucidates that the mean length of the minimum intercondylar distance was significantly longer in males (17.2 ± 1.7mm) than in females (16.2 ± 1.8mm ) where p≤0.004.
Table (5)compares between males and females as regards the maximum medial intercondylar distance in which the mean lengths of the maximum medial intercondylar distance was significantly longer in males (25.1 ± 2.4mm) than in females (22.7 ± 1.7mm ) where p≤0.001. Table ( 6) revealed that in males, the length of the right condyle ranged from 20-28mm with a mean of 24.8± 1.7mm, while in females it ranged from 15-29mm with a mean of 22.7±2.2mm. Also, the width of the right condyle in males ranged from 11-17 mm with a mean of 14.4±1.3mm whereas in females it ranged from 11-16mm with a mean of 13.5±1.3mm. The present work showed a significant difference between both sexes regarding the length and width of the right condyle where p≤0.001 and p≤0.001 respectively.
Table (7) demonstrates that the mean length of the left condyle was significantly longer in males (24.7 ± 1.7 mm) than in females (23.4 ± 1.8 mm) where p≥0.013, but no significant difference was noticed between the width of the right and left condyles between males and females (p≥0.059).Moreover there was no significant difference between the width of the right and left condyles within the same sex where t=0.614 and p=0.542 in males and t=1.355 and p=0.182 in females (Table 8) .
Table (9) illustrates that although the mean right and left condylar indices were slightly higher in males than in females yet no significant difference was elicited (P=0.337 and 0.864 respectively). Table ( 10) demonstrates that among all the measured dimensions of the foramen magnum and occipital condyles in the studied Egyptian population sample, the width of the foramen magnum had the highest discriminating index with 85.6% accuracy, followed by the length of the foramen magnum (82.1%). The width of the left condyle was the parameter that had the least discriminating index (58.2%).
Table (11) represents six significant regression equations that were obtained for predicting sex using of the studied measurements of the foramen magnum and both condyles as independent variables and sex as dependent one.
Linear regression analysis was applied for predicting sex using the length of right condyle (LRC), length left condyle (LLC) and length of foramen magnum (LFM). The equation was significant (p≤0.001) with accuracy 87.0%. Males were predicted if value of the equation is 0.45(Equation 1).
Also linear regression analysis was applied for predicting sex using width of the right condyle (WRC), width of the left condyle(WLC) and width of the foramen magnum (WFM). 
Discussion
Human identification is one of the major and most important tasks of forensic medicine (Fortes et al., 2012) . Identity cannot be established by the simple measurement of a set of parameters of an individual or a body. It can only be established by matching the parameters that can be measured or seen on the individual. The finding of a specific feature or a combination of specific features that is known to be possessed by that individual alone will add considerable weight to the conclusion (Shepherd, 2003) . Assessment of sex is one of the most vital determinations to make when it is necessary to establish identity from skeletal remains. Moreover, identification techniques such as facial reconstruction would be impossible if sex could not be correctly established (Iscan and Loth, 2000) .
In the present study the mean age of the patients was 35.79 ± 12.09 years. Forty percent of the cases were 18 to less than 30 years, where70% of them were males. In a study done in north India by Jain et al. (2013) , the age of the cases ranged from 22 to 60 years, the upper limit of this age (60 years) agree with the upper limit of the age in our study.
In the present work the mean age for female patients was about nine years higher than for males (40.93 ± 13.40 years and 31.58 ± 9.03 years respectively). There was a significant difference as regards age between both sexes; this could be attributed to the fact that most victims of road traffic accident (RTA) that were referred to the radio diagnosis department for routine radiological investigation were young males who were more involved in outdoor activity.
The present study revealed that the mean length and width of the foramen magnum were significantly higher in males than in females (p=<0.001).This coincides with Selma et al. (2005) and Uysal et al. (2005) who showed that all measurements of the foramen magnum that were performed on virtual skulls of the Turkish population were larger in males than in females.
Similarly, Uthman et al. (2012) trying to evaluate the accuracy of FM dimensions in gender determination among a sample of Iraqi adults, noted that the mean length and width of the FM using helical CT images were significantly higher in men's skulls. In an another study conducted on 100 CT scans of adult Indians, (Gopalrao et al., 2013) confirmed that significant craniometric differences exist in the FM between both sexes where the 2 dimensions were significantly greater in males than in females. This significant higher variable among males than females may be due to the fact that males tend to have significantly larger cranial bases than females (Murshed et al., 2003) . Data of the current research are in accordance with those of Jain et al, (2013) in their study on North Indian population. They postulated that the mean length and width of the foramen magnum showed significant difference between males and females and they considered them as important parameters for sex determination and constitution of biological profile. Similarly, Santhosh et al. (2013) in their study in South India, clearly indicate that males display larger mean values than females for both LFM and WFM and that statistically significant sex differences were observed for both dimensions. They clarified that in case of highly fragmentary remains, where no other skeletal remains are preserved, metric analysis of the basal region of the occipital bone may provide a statistically useful indication as to the sex of an unknown skull. Günay and Altinkök (2000) revealed that the morphological differences between skulls of different genders are mainly determined by genetic factors rather than nutrition, hormones, or muscles. Thus, the determination of gender in human skulls is based on morphological differences, mainly on the size and strength of certain structures (Rösing et al., 2007) , which may be characteristics of each population that are influenced by genetic, environmental, and socioeconomic factors (Saunders and Yang, 1999) .
According to Enlow and Hans (2002) , the large size of the FM of the male skulls compared to that of females is explained by the fact that the main neurovascular bundle such as the cervical spinal cord, vertebral arteries, nerves and meninges passing through the skull base are larger in male than females.
On the other hand, Loyal et al. (2013) evaluated the foramen magnum for sex difference among Kenyan skulls. They clarified that the dimensions of the foramen magnum showed only ethnic variation and did not show any sexual dimorphism among Kenyan Africans. Raghavendra et al. (2012) postulated that size differences and the robust nature of the human cranium are unique to each population and thought to be influenced by genetic, environmental and socio-economic factors. Singh and Talwar (2013) in an Indian sample reported that the foramen magnum width and length were larger in females than males in contrast to the present study. Philipp et al. (2009) and Gruber et al. (2009) found that sexual dimorphism among Central European population was also not found in either the sagittal or transverse diameter of the foramen magnum.
Several authors have emphasized on the value of FM and worked on various parameters for the purpose of sex identification. The present study revealed that the mean length of the foramen magnum in males (35.3 ± 1.9) was nearly similar to that of a sample of Indian population (35.5 ± 2.8) (Routal et al., 1984) Brazilian male skulls (36.5±2.6) (Suazo et al., 2009) and to the English population (35.91±2.41) (Gapert et al., 2009 ). Meanwhile, it was lower than the Turkish (37.2 ±3.43) (Murshed et al., 2003) and Spanish (36.2±2.60) (Herrera 1987 ) population but it was higher than that of South Indian male skulls (34.37 ± 2.38) (Santhosh et al., 2013) .
Similarly the mean LFM of the female skulls, in the present work, was found to be 30.28 ± 0.25 which was lower than Brazilian population (35.6±2.5) (Suazo et al., 2009), Turkish (34.6 ± 3.16) (Murshed et al., 2003) , Spanish (34.30±2.04) (Herrera 1987) , English populations (34.71 ± 1.91) (Gapert et al., 2009) , South Indian population (33.80 ± 2.56) (Santhosh et al., 2013) , and other Indian samples (32.0 ± 2.8) (Routal. et al.,1984) .
Regarding the width of the foramen magnum, the mean male value of the current research (30.0± 1.9), was nearly similar to many other studies as that of Brazilian skulls (30.6±2.5) (Suazo et al., 2009) , Indians (29.6±1.9) (Routal et al.,1984) , the Turkish (31.6±2.99) (Murshed et al., 2003) , Spanish (31.1±2.60) (Herrera 1987) , and English population (30.51±2.60) (Gapert et al., 2009 ), but it was higher than that of the South Indian male skulls (28.98 ± 2.22) (Santhosh et al., 2013) .
In females, the mean width of the FM in this study (27.1± 2.4) nearly coincides with an Indian sample (27.1±1.6) (Routal et al.,1984) and South Indian population (27.60±2.67) ) (Santhosh et al., 2013) , but it was lower than the Brazilian (29.5±1.9) (Suazoet al., 2009), Turkish (29.3±2.99) (Murshed et al., 2003) , Spanish (29.6±1.53) (Herrera 1987) , and English populations (29.6±1.53) (Gapert et al., 2009 ). These aspects can be attributed to racial differences.
The present work showed no significant difference between males and females concerning FMI where the mean FMI in males was 1.18 ± 0.10mm while that of females was 1.21 ± 0.09mm (P=0.080). This finding is consistent with the study conducted by Erdil et al. (2010) on Turkish population. In this study, the FMI ranged from 0.97 -1.44 with a total mean of 1.2±0.10. This nearly agrees with Radhika (2012) who conducted her study on150 adult human dry skulls and found that the FMI ranged from 1.0 -1.7 with a total mean of 1.2.
The present study reported a statistically significant sex difference in the area of the FM as derived by the formula given by Radinsky (1967) .It was found that FMA was higher in males than in females as P≤0.001. This could be attributed to the high significant correlation of the FMA with both sagittal and transverse diameters (Murshed et al., 2003) or to the larger structure of skeletal muscle in men.
The data of the present work coincide with those of Ukoha et al. (2011) in his study in Nigeria, Gapert et al. (2008) in Britain, Murshed et al. (2003) in Turkey and Herrera (1987) in Spain. FM measurements on dry skulls done by Wanebo and Chicoine (2001) were very close to the results of the present study. Günay and Altinkök (2000) measured the FMA directly on Turkish skulls, estimating it by considering the FM as a ''circle'' whose ''radius'' was obtained as the mean value between the half measurements of the length and the breadth. Although these values were higher than those reported in the present study; such variation may be owing to differences between the anatomic and radiographic methods.
In contrast to the present study, Singh and Talwar (2013) reported that in India, the foramen magnum area was larger in females than males. This difference may be due to their small sample size (26 males and 24 females)
In the current study, the mean lengths of the intercondylar distance: MBD, MnID, and MID were significantly longer in males than in females .This difference in the intercondylar distances reflects the asymmetry in the orientation of the occipital condyles which form the lateral limits of craniovertebral junction. Similar results were obtained by Holland (1986) who measured the intercondylar distances on human skulls manually. Also in Turkey, Selma et al. (2005) reported that all the intercondylar distances were longer in males than females; however these differences were not statistically significant.
On the other hand, Singh and Talwar (2013) in his study done on dry skulls of an Indian population revealed that only MBD was longer in males and MnID and MID were longer in females. This may be explained by the fact that sexual dimorphism is substantially population based, due to a combination of genetic, environmental and socio-cultural factors.
In the current study the mean length and width of the right condyle and the mean length of the left condyle were significantly higher in males than in females, while the mean width of left condyle was slightly higher in males than in females but no significant difference was noticed.
This nearly agrees with Fortes et al. (2013) who studied Brazilian skulls for sex determination from occipital condylar measurements. They declared that the length and the width of both condyles were significantly higher in males than females Holland (1986) , in his study tried to estimate the sex of skeletonized individuals from the cranial bases of burnt cadavers. He reported that the measurements of the region of occipital condyles are useful for determining the sex, with an accuracy of 70-90%.
Similarly, Selma et al. (2005) in Turkey stated that the length and width of the right condyle were statistically significant between both sexes. The length and width of the left condyle were not measured by Selma because of non-visualization by 3D CT.
On the other hand, the present study showed that there was no significant difference concerning the length and the width of the right and left condyles within the same sex. The presence of a minimal asymmetry may be due to genetic factors in some cases, or can be attributed to other different factors such as food or climatic factors (Manoel et al., 2009 ).
The present work showed that although the mean right and left condylar indices were slightly higher in males than in females yet no significant difference was elicited between them. Similar findings were reported by Fortes et al. (2013) who declared that there was no significant difference between both sexes regarding the condylar index. Radhika (2012) postulated that indices are also affected by the physiological and mechanical conditions that control the relations of the part concerned. Among all the measured dimensions of the foramen magnum and occipital condyles in the studied Egyptian population sample, the width of the foramen magnum showed the highest accuracy as a discriminating index (85.6%). This is in accordance with Selma et al. (2005) who stated that the WFM was the most significant parameter that distinguish sex. Another study, in Brazil by Manoel et al. (2009) showed that the morphometric linear method of only the WFM was able to determine the morphological differences between sexes and can be used in conjunction with other anthropological techniques for gender determination of unknown individuals.
Discriminant function that applies to cases other than the population used to develop these functions, has known incorrect classification percentage, as sexual dimorphism is population specific.
With significant equations for sex prediction obtained by using multivariate linear regression analysis of the studied measurements of the foramen magnum and of both condyles as independent variables and sex as dependent one an accuracy ranging from 84% to 87% was obtained. To the best of our knowledge, this study was the first to investigate the relation between sex and the lengths of the foramen magnum and the inter condylar distance measured on the reconstructed 3D image of MSCT.
Recommendation
1. Modern imaging techniques are advised to gain access to forensic medicine. 2. New generations of MSCT devices should be established in the main university hospital. 3. The study of the symmetry of both condyles and its relation to age and sex is recommended. 4. Other foramina of the skull advised to be considered. 5. Further studies are needed to detect the relation between age and stature and the size of the foramen magnum. 6. Studies on the shape and size of the foramen magnum among different races is recommended. 7. Studies on a larger sample with more age groups are needed to further confirm the findings of our study. Similar studies are also proposed in other population groups. 8. Research with a larger study design and a greater number of measurable variables is advised to discriminate between male and female skulls in Egyptian population.
